We introduce a family of lattices for which the Hubbard model and its natural extensions can be quasi-exactly solved, i.e. solved for the ground and low energy states. In particular, we show rigorously that the ground state of the Hubbard model with off-site Coulomb repulsions on a decorated Kagomè lattice is an ordered array of local currents. The low energy theory describing this chiral state is an© model, where each spin degree of freedom represents the two possible chiralities of each local current.
Exactly solvable manybody problems have played an important role in condensed matter physics. Several solvable models are known in one dimension. The list in two and higher dimensions, while much smaller, is growing. A particularly fruitful idea for constructing new solvable models of interacting particles has emerged from the work of Refs. [1, 2] . This idea, building on several examples, has been formulated in terms of "superstable" ground states, where clusters of particles have local ground states that survive, or extend easily on connecting into a lattice. The Shastry-Sutherland S=1/2 Heisenberg model system is a rich example since the lattice is a natural one, theoretically in that there are no crossed bonds, and practically in its realization in the compound " ! # % $ ' & ) ( 1 0 3 2 5 4 6 $ [3] . So far this idea has been applied predominantly to spin systems. In this work we present what seems to be the first application of this idea to fermionic systems. Our main new result is a generalized Hubbard model in two dimensions on a decorated Kagomè lattice. The model has triangular units of circulating currents as superstable objects that further interact to give interesting quantum ordered states. We show rigorously that the ground state of this model has long range order for certain fillings in two dimensions. This state is an array of local currents with two possible orientations that live on the up and down triangles that comprise the Kagomè lattice. This internal degree of freedom localized in each triangle can be described as a two level system ( 8 7 @ 9 B A " C pseudo-spin) which represents two possible directions of circulating electronic current, or two chiralities. Similar solutions are currently popular in connection with theories of high TD superconductivity [4, 5] and heavy fermions [6] . A hidden order parameter which breaks the time-reversal symmetry has been proposed to exist underneath the superconducting dome in the phase diagram of the cuprates and to characterize the mysterious phase observed in URu
The model is solvable for any filling
, displays long ranged order of a hidden sort and in fact maps onto a T 7 V U $ W Y X model that is known to have Onsager Penrose LRO in two dimensions rigorously [9] .
An important consequence of this simple and rigorous solution is the emergence of a new microscopic mechanism for the generation of an ordered chiral state. The geometrical frustration of the considered lattices together with the on-site Coulomb repulsion generate a state with non-zero local currents. The effective interaction between these currents is provided by the intersite Coulomb repulsion. In this way, the interplay between frustration and strong correlations gives rise to new types of orderings.
The main idea described in this paper can be applied to the family of lattices represented in Fig. 1 . This family is a bipartite structure (B and C), with an arbitrary coordination number (`7 @ C in Fig. 1a and`7 @ a in Fig. 1b) . The block B (similar in spirit to that in Ref( [10] )) represents a cell that will be called basis and the the block C represents the other nonequivalent cell which will be called connector. The blocks C are fully connected with its nearest neighbor (n.n.) blocks B; i.e., each site in a block C is connected to each of the sites in the n. n. block B. The sites in a block B have the same internal coordination number`" b , i.e. each site in B is connected to`" b sites in the same block. Notice that the blocks of each type need not all be equivalent. Using the general structure indicated in Fig. 1 , we can generate a family of lattices for which the low energy spectra of well known fermionic models (like the Hubbard, the c e d g f or the interacting spin-less fermion Hamiltonian) can be exactly mapped into simple spin models.
For this family of lattices, we will consider an extended Hubbard model which includes Coulomb repulsions between different sites: ). In Fig. 1a and 1b, we show two possible realizations of the lattice structure described above for one and two dimensions (decorated Kagomè lattice) respectively. The first one has been recently considered by Rojas et al to solve a Heisenberg model [7] . In these examples, each block B is a triangle of three sites (circles in Fig. 1 ) and the connectors C are single sites in between two triangles (squares in Fig. 1 ). In the two dimensional case (Fig. 1b) . 2a ). When the considered block B is reinserted in the lattice, the effective hybridization between a given n o q ( is the chiral index) orbital and its nearest neighbor connector is:
. Therefore, ). In this situation, the lowest energy subspace of
can be exactly solved for any concentration
. The ground states of
for a fixed concentration
where´is the number of particles, µ is the chirality flavor of the particle ¶ and the block indices µ are all different; i.e., there is no more than one quasi-particle per block B. This condition implies that the concentration of holes terms is zero for the wave functions [3] . In addition, the mean value of the is restricted to the subspace generated by the states [3] . This conservation is related to an
local gauge symmetry which is dynamically generated at low energies. In addition, the local charge conservation on each triangle is associated to a local » v s invariance. Therefore, the total gauge symmetry group at low energies is
. This emerging symmetry is a consequence of the particular geometry of the considered lattices and allows us to get the exact ground states for LA-UR-00-XXXX July 30, 2003 submitted to Physical Review Letters
In particular, for
, there is one AE quasi-particle per block and the remaining degeneracy only comes from the two possible chiralities and spin orientations. The chiral degeneracy is removed when the inter-site Coulomb repulsion,
To analyze the effect of Ç È , we will replace the chiral index É by a pseudo-spin flavor Ê using the following convention [13] (see Fig. 2a ):
Since there is one quasi-particle per block B, the pseudospin has two possible flavors; i.e., Ê is an
Notice that the connectors do not have any role in this low energy subspace, and the blocks B (triangles) can be replaced by effective sites containing one quasi-particle with a spin and a chiral (pseudo-spin) degree of freedom. When 
, the exact solution of the low energy spectrum of
can be extended to the region
, there are some triangles which are doubly occupied in a chiral singlet (spin triplet) state:
is included to first order, the effective Hamiltonian for the region
model in a depleted lattice where the vacancies correspond to the triangles which are double occupied.
Two Dimensional Lattice. The two dimensional (2D) structure shown in Fig. 1b is a again are those expressed in Eq. [3] . For this case, the block indices 6 8 7 denote the triangles in the 2D lattice and again they are all different. In particular, for
, there is one AE quasi-particle per block and the remaining degeneracy comes from the two possible chiralities and spin orientations. The chiral degeneracy is removed when the inter-site Coulomb repulsion,
, is included. We use again the relations given by Eqs. [4] to describe the chiral degree of freedom with a pseudospin variable. In this case, to derive the effective model it is convenient to make the transformation , in one of the two sub-lattices of the hexagonal lattice of blocks B. After doing this transformation, the effective model is again an
Hamiltonian on a hexagonal lattice: induces an effective interaction between the local currents which leads to an ordered state. In the ordered state the currents are pointing in any direction contained in the ç è plane (the order parameter in the pseudospin notation is the transverse staggered magnetization).
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In the same way as for the 1D case, this solution can be extended to the region
and the effective model for
Hamiltonian on a depleted lattice.
We can induce from the previous examples which is the guiding principle that provides exact solutions for the low energy spectrum of symmetry is spontaneously broken. Although in this paper we only considered one and two dimesional lattices for pedagogical reasons, the application of the same principle to three dimensional lattices is straightforward.
At this point, it is important to remark that the b u t s v x w group generated by e d f g f
is not a symmetry of h . It is only a symmetry when h is restricted to the low energy subspace described above. In this sense, the global b X t v x w symmetry emerges at low energies and it is spontaneusly broken at an even lower energy scale h j i . In summary we have presented a new family of solvable Hubbard type models on specific lattices. The particular connectivity of these lattices is the key to generate gauge and global transformations which are symmetries for the restricted action of the Hamiltonian on an invariant subspace. If the invariant subspace corresponds to the low energy spectrum of the model, we can say that these symmetries emerge at low energies. In other words, the exact low energy theory has more symmetries than the original model. Using this important property we have demonstrated that the ground state of a Hubbard model on a decorated Kagomè lattice contains local currents which exhibit -like long range ordering.
, the local chiral degree of freedom is an m o n q p l s r spin in the fundamental representation. In this more general case, the corresponding local gauge symmetry is m o n q p l s r .
